J 



Europaisches Patentamt 
European Patent Office 
Office europeen des brevets 




© Publication number 



mi 

0 422 689 A2 



EUROPEAN PATENT APPLICATION 



© Application number. 90121690.3 
@ Date of filing: 09.01.87 



© Int. CI. 5 : A61M 25/00 



This application was filed on 13 - 11 - 1990 as a 


© Applicant MOUNTPEUER INVESTMENTS, S^. 


divisional application to the application 


Kastanlenhof Pflugstrasse 10 


mentioned under INID code 60. 


FL-9490 Vaduz(U) 


© Priority: 03.0Z86 US 825509 


© Inventor: Fiddlan-Green, Richard G. 


© Date of publication of application: 


127 3righam Kill Road 


17.04.91 Bulletin 91/16 


North Grafton, Massachusetts 01536(US) 


© Publication number of the earlier application in 




accordance with Art76 EPC: 0 232 968 


0 Representative: Williams, Trevor John et al 


© Designated Contracting States: 


J.A. KEMP & CO. 14 South Square Gray's Inn 


CH DE FR GB IT LI 


London WC1R 5LX(GB) 



00 
CD 

CM 
CM 



Ul 



® Catheter. 



© Medical treatment apparatus for sustaining the 
vitality of an organ in the gastrointestinal tract by 
catheterisation including improvements in catheter 
placement ischemia detection, and oxygenation. A 
disclosed embodiment of the catheter has mag- 
netically responsive structure at its top and a device 
for aid in placement of the catheter has an elec- 
tromagnet cooperative with the magnetic tip. The 
catheter (170) has a lumen (178) through its length 
to receive a removable guide wire (174). 
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CATHETER 



This invention relates generally to medical 
treatment apparatus. More specifically, it is con- 
cerned with a catheter for use in sustaining vitality 
of an organ in the gastrointestinal tract by cath- 
eterisation. 

The nature of human anatomy is such that 
each individual organ's vitality is sustained by the 
circulation of blood through the organ's vascular 
system. Each organ's vascular system is, of 
course, a part of the body's larger cardiovascular 
system. 

For any of various reasons the circulation, and 
hence oxygen delivery, to any given organ may 
become insufficient to sustain the full vitality of that 
organ. For example, partial occlusion of an artery 
may reduce blood flow to a point where the oxygen 
supply is insufficient An occlusion, whether full or 
partial, may be due entirely to naturally occurring 
phenomenon or it may be in consequence of cer- 
tain procedures. Regardless of the cause, reduced 
oxygen delivery can have potentially devastating 
effects on a patient 

As another example, surgical procedures, pos- 
sibly not even directly related to a particular organ, 
may have an effect on the organ. For instance, in 
the cause of certain vascular surgery procedures, it 
may be necessary to interrupt the blood flow to a 
given organ or organs during the course of proce- 
dures. External blood pumps may be used to sup- 
ply the organ or organs during these procedures or 
else the procedures must be performed with suffi- 
cient rapidity that the temporary interruption of 
circulation to an organ will not produce grave con- 
sequences. 

The present invention is in one respect di- 
rected to a catheter for use in apparatus for sus- 
taining vitality of an internal organ in situations 
such as these, particularly with reference to gas- 
trointestinal organs. With such apparatus it is un- 
necessary to utilise external devices, such as blood 
pumps, in association with the vascular system. 
Apparatus using the catheter can be used at any 
desired time, for example, pre-operatively, during 
an operation or postoperatively. 

The apparatus does not directly to involve the 
cardiovascular system. Rather, the catheter is intro- 
duced into an organ of interest The catheter com- 
prises a tube having a walled chamber structure at 
one end. The catheter is introduced to dispose the 
chamber structur against the lumen of the organ 
of interest Th material of th chamber is on 
which is freely permeable to gas but poorly per- 
meable to liquid. Th tube contains a conduit for 
deliv ring fluid to th chamber. 

The catheter has a dual capability - 1 . to moni- 



tor incipient ischemia in the organ of interest and 2. 
to oxygenate the organ. When the organ is being 
monitored for ischemia, perfusion fluid is intro- 
duced and subsequently extracted to obtain a CO2 

5 sample from the lumen of the organ, the pCCfe 
measurement is utilised to calculate the organ's 
pH. The calculated pH can be used as an indicator 
of incipient ischemia 

When the catheter is being used for organ 

to oxygenation, oxygen is perfused through the cham- 
ber via the tube from an external source. The 
external source may comprise any suitable means 
to create an oxygen partial pressure gradient be- 
tween the interior of the chamber and the lumen of 

is the organ whereby oxygen can diffuse through the 
wail of the chamber and into the organ. Carbon 
dioxide gas generated by the organ can also dif- 
fuse through the wall of the chamber to be con- 
veyed back through the tube for removal. 

20 In the disclosed embodiment the chamber and 
tube are so constructed and arranged as to create 
an axial flow along the interior of the wall of the 
chamber along substantially the full length of the 
chamber. This promotes the maximum area avail- 
as ability for delivering oxygen to an organ, particu- 
larly in the case where the organ is in the gastroin- 
testinal tract The diameter of the chamber is less 
than that of the organ so that the catheter does not 
block passage through the organ. It is also con- 

30 templated that there may be used agents, such as 
vasodilator may be used to enhance oxygenation 
locally and blood and/or blood substitutes may be 
used for oxygen-bearing purposes. 

The present invention is divided from EP-A-232 

35 968 which relates to catheter placement through 
the use of an auxiliary placement device in associ- 
ation with the catheter. An endoscope may be used 
as the auxiliary placement device. A disclosed em- 
bodiment of catheter has magnetically responsive 

40 structure at its tip, and the auxiliary device has an 
electromagnet which is cooperatively associated 
with the magnetic tip. The auxiliary device Is op- 
erated to maintain electromagnetic attraction of the 
magnetic tip structure during an initial phase of the 

45 placement process. The auxiliary device is rela- 
tively stiffer than the catheter and is used to force 
the catheter tip past the pylorus when the catheter 
is introduced into the intestines from the stomach. 
Thereafter a separate external magnet is used to 

50 attract the catheter tip, the electromagnet is de- 
nergised and the auxiliary device withdrawn. Final 
placement of the catheter is attained through ma- 
nipulation of the external magnet 

The present invention will be further described 
fth reference to the accompanying drawings, in 
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which:- 

Rgure 1 is a view, partly schematic, illustrating 
apparatus which may use the catheter of the 
present invention. 

Figures 2, 3 and 4 are enlarged transverse 
cross-sectional views taken in the direction of 
arrows 2-2, 3-3 and 4-4 respectively in Figure 1. 
Figure 5 is a view, partly schematic, illustrating 
another form of apparatus which may use the 
catheter of the present invention. 
Figure 6 is a view similar to Figure 5 showing a 
further modification. 

Figures 7, a 9 and 10 are respective views 
illustrating representative method steps in use of 
the apparatus. 

Figure 1 1 shows another form of catheter. 
Figures 12 to 16 illustrate another sequence of 
method steps using a further form of catheter, 
this catheter being in accordance with the inven- 
tion. 

Rgure 1 illustrates an exemplary embodiment 
of apparatus 10 for practice of organ oxygenation. 
Apparatus 10 comprises a catheter designated by 
the general reference numeral 11. Associated with 
catheter 11 is any suitable oxygen source des- 
ignated by the general reference numeral 14. 

Catheter 12 comprises a tube 16 on the distal 
end of which is disposed a walled chamber 1a The 
opposite proximal end of tube 12 is adapted for 
connection with apparatus 14. 

Chamber 18 is provided by a tubular element 
having a nominal diameter greater than that of tube 
16. Rgure 1 illustrates a representative shape but 
the invention is not limited to the particular shape 
or proportions illustrated. The tubular element 20 
constitutes a membrane which forms chamber 15 
and is fitted over the distal end of tube 16. The 
opposite axial ends of element 20 are closed onto 
the outside of tube 16 as at 22 and 24. In this way, 
the chamber 18 defines an annular space 16 ar- 
ound the outside of tube 16. 

Tube 16 is a soft pliable material, silicone for 
example, which has a circular cross-sectional 
shape. Tube 16 is provided with a pair of axially 
extending conduits, or passages, 28 and 30 re- 
spectively, these extend the full length of the tube 
and the catheter includes any suitable closure 
means, for example an end closure element 32 to 
close off the distal end of the tube for the purpose 
of closing conduits 28 and 30 at that end. 

Conduits 28 and 30 are communicated with the 
interior chamber space 26 by means of respective 
apertures 34 and 36 as shown in Figs. 4 and 3 
respectively. Each aperture is provided as a trans- 
versely extending hole from the exterior of the wall 
of tube 16 to intercept the corresponding conduit 
as shown in the drawing figures. 

In use oxygen is introduced into one of the two 



conduits and conv yed through tube 1 6 to xit the 
tube at th corresponding aperture into chamber 
space 26. The interior of th chamber space is 
thereby perfused with oxygen. The opposite ap- 

5 erture provides for return conveyance of gases via 
the other conduit through tube 16. 

Hence, If oxygen is introduced into conduit 28, 
it will flow through that conduit, exit via aperture 34 
and pass into the far distal end of chamber space 

70 26. The flow will continue axially through the an- 
nular chamber space 26 toward the proximal end of 
the chamber to enter aperture 36 and subsequently 
pass via conduit 30 back through tube 16. 

If the direction of flow were to be reversed, 

15 flow through chamber space 26 would be distally, 
exiting tube 16 at aperture 36, passing axially 
through the chamber space to re-enter tube 16 at 
aperture 34 for return via tube 16. 

The material of tube 20 is one which is freely 

20 permeable to gas but poorly permeable to Squid, 
so that tube 20 is a membrane. A suitable material 
is poiydimethylsiloxane which is freely permeable 
to oxygen and carbon dioxide gases. The oxygen 
in the catheter chamber has a partial pressure so 

25 that oxygen can diffuse through the wall of the 
chamber 18. 

In use, catheter 12 is introduced into a patient 
such that chamber 18 is placed against the lumen 
of the hollow internal organ of interest The eion- 

30 gate shape illustrated in Rg. 1 is intended for 
placement in the gastrointestinal tract, particularly 
the intestines. The placement may be made preop- 
erative^ or intraoperative^, and the catheter may 
remain in place even into a postoperative period. 

35 Apparatus 14 is of any suitable configuration 
which is capable of perfusing oxygen through tube 
16 and chamber 18 at a suitable partial pressure. 
For example, the apparatus may comprise a stan- 
dard hospital oxygen supply giving a pressure of 

40 760 mm.Hg. It could also alternately comprise a 
pump which delivers oxygen-enriched fluid. For 
example, the fluid may be a saline solution which is 
pumped by the pump through the catheter, with 
provisions being made for oxygenating the saline 

45 solution prior to introduction into the catheter so 
that the fluid bears a dissolved oxygen gas at 
suitable partial pressure. 

With the wall of chamber 18 being placed 
against the lumen of an internal organ, the flow of 

so oxygen axially along the interior of the wall of tube 
20 creates a condition whereby oxygen can diffuse 
through the wall of tube 20 and into the lumen of 
the organ. The diameter of chamber 26 is less than 
that of the organ so that the catheter does not 

55 block flow through th tract In this way, oxygen 
may continu to be supplied to th organ so as to 
sustain its vitality under conditions which otherwise 
might render the organ moribund. Because the 
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organ will also generate carbon dioxide gas as a 
waste product, that waste gas can diffuse from the 
lumen through the wall of tube 20 and into the fluid 
which is being conveyed through chamber space 
26. 

The carbon dioxide gas is conveyed from 
chamber space 26 with the exiting fluid flow which 
passes proximally through tube 16 to the proximal 
end. In this way not only is oxygen made available 
to the organ but a waste product from the organ is 
also removed. 

Depending upon the degree of sophistication of 
apparatus 14 the carbon dioxide may be removed 
from the fluid and the fluid recirculated so as to 
form a closed system or otherwise the apparatus 
may be an open system in which the fluid which 
returns from tube 16 is discarded. 

In order to sustain vitality of the intestine, the 
PO2 of the oxygen introduced into chamber 26 
must be high enough to create a certain gradient 
across the wall of the chamber and the lumen of 
the organ. In the lumen of a healthy intestine the 
PCb is about 100 mm.Hg. If the organ becomes 
ischemic, this figure drops to about 60 mm.Hg. 
Therefore, the PO2 of the fluid delivered to the 
catheter should certainly exceed 100 mm.Hg. At 
the present time the use of 760 mm.Hg. oxygen 
gas as the sole fluid introduced into the catheter 
appears to be very effective. The return flow is 
merely exhausted. 

The invention is also preferably practiced such 
that the materia) of tube 20 is not significantly 
stretched, or expanded, when in use, so that bloc- 
kage of the passage through the tract may be 
avoided. 

The material of tube 20 will be permeable to 
molecules having molecular weights of less than 
about 3000. Therefore, it is also possible to use the 
catheter to introduce drugs, nutrients, and/or other 
agents having molecular weights of less than about 
3000. 

Certain agents enhance the effectiveness of the 
procedure. For example it is possible to introduce a 
vasodialator via the catheter to enhance the local 
oxygenation. It is also contemplated that blood or 
blood substitutes could be used in an oxygen- 
bearing fluid to enhance the oxygen carrying ca- 
pacity. 

A significant advantage of use of the apparatus 
is that it is unnecessary to directly involve the 
circulatory system. This is different in principle 
from prior vascular oxygenation procedures which 
merely oxygenate th blood. Oxygen is made avail- 
abl directly to the lumen of the rgan. The oxygen 
so delivered may be assistive of the current vascu- 
lar flow, or it may be the sole source of oxygen. 

The present disclosure illustrates apparatus in 
a form which is especially useful for the intestine. 



Th apparatus has been shown to provide for 
perfusion of oxygen through a hollow internal organ 
of the gastrointestinal tract independently of the 
vascular system. The oxyg n so delivered may be 

5 assistive of current blood flow to the organ or ft 
may be the sole source. While the apparatus may 
be used alone, it may also be practiced in conjunc- 
tion with other procedures. The perfusion is accom- 
plished with direct oxygen delivery to the lumen of 

70 the organ in a controlled manner without blockage 
of the tract 

There is the capability of selectively operating 
the catheter to monitor for incipient ischemia of the 
organ of interest and to oxygenate the organ. Brief- 

75 ly, when an organ is being monitored for incipient 
ischemia, aspirating fluid is introduced, equilibrat- 
ed, and subsequently extracted to obtain a PCO2 
sample from the lumen of the organ. The pCCfe 
measurement is utilized In calculating the organ's 

20 pH. Calculation of pH is performed using conven- 
tional procedures relating the pC02 measurement 
to the bicarbonate concentration in arterial blood. 
The pH measurement is used as an indicator of 
incipient ischemia. 

25 Fig. 5 illustrates an exemplary apparatus 100 
which includes a catheter 102 which is essentially 
like catheter 12 of Figs. 1-4. A detailed description 
of catheter 102 will therefore not be given. 

A principal difference in the apparatus 100 

30 versus apparatus 10 described in Figs. 1-4 involves 
equipment external of the catheter. This equipment 
in apparatus 100 provides for the dual capability of 
monitoring/oxygenating. 

Apparatus 100 comprises in addition to the 

35 oxygen source 14, an aspirating fluid source 104. 
The two sources 14 and 104 are operatively coup- 
led with catheter 102 by a valve mechanism, gen- 
erally 106. Valve mechanism 106 comprises two 
separate valve devices 106a, 106b and each valve 

40 device has three ports and is selectively operable 
to at least two different positions. Preferably the 
two valve devices are connected to a common 
operator for ganged operation in unison. 

In the position shown in Rg. 5 the valve de- 

45 vices 106a, 106b serve to connect oxygen source 
14 to the catheter tube so that the same type of 
circuit exists as in Rg. 1. In this position oxygen 
perfusion fluid can pass through valve device 106a, 
and into the catheter. The return flow is via valve 

50 device 106b. This flow is depicted by the small 
arrows 107 for the entrance flow into the catheter 
and the arrows 108 for the exit flow from the 
catheter. At this time there are no flow paths from 
the aspirating fluid source 104 to the catheter, and 

55 accordingly oxygen perfuses the organ of interest 
to assist in sustaining its vitality. 

When the two valve devices are operated to a 
second position, the aspirating fluid source 104 is 
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connected to the catheter while the oxygen source 
14 is disconnected. This is done for example by 
rotating the vahring portions of the two valve de- 
vices 90 * in the clockwise direction as viewed in 
Fig. 5. In this second position, flow from aspirating 
fluid source 104 passes through valve device 106a 
and into the catheter. The return flow from the 
catheter is through valve device 106b back to as- 
pirating fluid source 104. 

The purpose of introducing aspirating fluid into 
the catheter is to obtain a sanple of CO2 gas 
generated by the organ of interest for the purpose 
of securing a pC02 measurement. There are var- 
ious techniques for obtaining the pC02 measure- 
ment and one way is to introduce a certain amount 
of aspirating fluid into the walled catheter chamber 
and leaving it there for a sufficient amount of time 
to allow CO2 gas to diffuse from the organ's lumen, 
through the permeable wall of the catheter cham- 
ber, and into the aspirating fluid and equilibrate. 
For example. 1/2 hour may be suitable in certain 
applications. The aspirating fluid is then withdrawn 
from the catheter and is subjected to analysis such 
as for example, by a conventional gas analyzer to 
measure the pCCfe. 

A measurement of the bicarbonate concentra- 
tion in arterial blood of the patient is also obtained, 
and these two measurements are then used to 
calculate the pH of the organ of interest Such 
measurements may be taken at periodic intervals 
and in this way a record of pH values can be 
established. 

A certain change in pH is indicative of incipient 
ischemia, and therefore when such a potentially 
devastating condition is detected, the apparatus 
may then be operated to oxygenate the organ in an 
effort to counter the ischemic tendency. In this way 
apparatus 100 may be selectively used for its dual 
capability of monitoring/oxygenating. 

Fig. 6 illustrates a feature which facilitates cath- 
eter placement. It is useful with both catheters 12, 
102 and other forms of catheters as well. One of 
the major difficulties in successfully employing a 
gastrointestinal catheter is that of placement into 
the tract In order for such a catheter to conform to 
the tract while creating as little discomfort as possi- 
ble it is desirable that the catheter be a soft pliable 
bio-compatible material, such as that described 
earlier. Unfortunately a soft, pliable elongate mem- 
ber is inherently difficult to place into the tract 
Making the catheter stiffer for placement purposes 
is counterproductive to the need for having a soft, 
pliable construction. Therefore, the description with 
references to the Figures 6-10 relates to a solution 
to this problem. 

The catheter is provided with a magnetic me- 
dium, for example on the tip end, as shown at 120 
in Rg. 6 for catheter 12. A separate, elongate. 



auxiliary placement d vice 122 is utilized in associ- 
ation with the catheter and comprises an electro- 
magnet 124 at the distaJ end which is adapted to 
be selectively energized from an external source at 
5 the proximal end. The external source is shown to 
comprise a battery 126 connected through a series 
on-off switch 128 to electro-magnet 124. When 
switch 128 is closed, the electro-magnet is en- 
ergized, and when the switch is open, the electro- 
10 magnet is de-energized. 

The elongate device 122 comprises an elon- 
gate body 130 of relatively greater rigidity than the 
catheter itself. Preferably the conductive wires 132, 
134 leading to the electro-magnet are embedded 
75 within this body, as is the electro-magnet The 
external surface of the body is preferably smooth 
and bio-compatible 

Placement is accomplished by placing the 
electro-magnet adjacent the tipped end of the cath- 
20 eter, and energizing the efecfromagnet to unite the 
catheter and the placement device at their distal 
ends. They are then introduced into a patient, for 
example via nasal introduction. 

Rg. 7 shows the catheter and placement de- 
25 vice having been passed through the esophagus 
140 and into the stomach 142. The placement 
device has sufficient rigidity so that it can be 
forced into the tract and by virtue of magnetic 
coupling with the catheter, pull the catheter along 
30 with it 

A particular difficulty in catheter placement is 
typically encountered at the pylorus 144. The auxil- 
iary placement device can be used to force the 
pylorus open so that both it and the catheter pass 
35 through the pylorus and into the small intestine 
146, This is shown in Rg. 8. Once the pylorus his 
been passed, the next problem encountered is to 
successfully withdraw only the electro-magnet 
Since the pylorus keeps tending to reject the irv- 
40 truding apparatus, a counter-force is inherently be- 
ing applied to the apparatus. A further feature is 
shown in Rg. 9 involves placing a strong magnet 
148 externally of the intestine at the vicinity of the 
catheter's tip end. Rg. 9 shows magnet 148 extra- 
45 operatively acting through the patient's abdomen 
149. This external magnet has sufficient strength to 
hold the tip of the catheter in place while the 
electro-magnet 124 is de-energized and the auxil- 
iary device 122 is then withdrawn. Because of its 
so nature electro-magnet 124 will not be significantly 
attracted to the external magnet when de-ener- 
gized. Yet the strength of the external magnet will 
hold the tip end of the catheter jn place so that 
upon withdrawal of the auxiliary device, only th 
55 soft pliable catheter is left in place. 

If the catheter is in a suitable position by virtu 
of its placement by device 122. then no further 
manipulation of the external magnet 148 need be 
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done. It is contemplated however that further cath- 
eter placement may be required, and this can be 
done by a suitable manipulation of magnet 148 to 
move the catheter to the desired placement site. 
This further manipulation is shown by Fig. 10. 

It can therefore be appreciated that significant 
facility is given to the attending physician in place- 
ment of a catheter. Once the catheter has been 
placed, procedures such as those described above 
with reference to Figs. 1-4 and Fig. 5 may be 
conducted when catheters of those types are em- 
ployed. The placement procedure is however ap- 
plicable to other types of catheters, and other de- 
vices, duodenal feeding tubes for example. Ad- 
vantageously, the auxiliary placement device 122 
could be a fibro-optic endoscope designed to con- 
tain the electro-magnet and wires. 

Fig. 11 portrays another form of apparatus 160 
which is similar to the apparatus of Rg. 6. Appara- 
tus 160 comprises a catheter 162 which corre- 
sponds to catheter 12 but is disposed within a 
hollow tubular placement device 164 corresponding 
to placement device 122. Fig. 11 is of a somewhat 
schematic nature for purposes of illustrating this 
alternate configuration. The electro-magnet 124 is a 
coil which is disposed at the distal end of the 
tubular placement device 164. The lead wires from 
the electro-magnet extend through the placement 
device. The catheter 162 contains a magnetic tip 
end 120. The same steps described earlier are 
used to effect placement of catheter 162 by place- 
ment device 164. 

Figs. 12-16 show schematically a sequence of 
steps for catheter placement but using a modified 
form of apparatus embodying the present inven- 
tion. In Figure 12 an endoscope 170 has a longitu- 
dinal passage 172 containing a guidewire 174. The 
combination of 170 and 174 is introduced into the 
patient, as in the same manner described above. 

Upon having achieved a desired amount of 
introduction (the distal end having passed the 
pylorus for example), the endoscope 170 is with- 
drawn while the guidewire 174 remains in place. 
(See Fig. 13.) It is contemplated that endoscope 
withdrawal can be accomplished by an external 
manipulation so that the guidewire need not nec- 
essarily be made magnetically responsive; how- 
ever, as an aid to assuring that the guidewire 
remains in place, or at least a portion of it, such as 
the distal end, can be magnetically responsive so 
that the procedures described earlier can be used 
to hold the guidewire in place while endoscope 170 
is withdrawn. 

After the endoscope has been withdrawn, a 
catheter 176 essentially like catheter 12 is intro- 
duced (see Fig. 14). Catheter 176 may be like 
catheter 12, but includes a passage 178 which 
allows It to be guided along the in-place guidewire 



174. The illustrated embodiment shows the pas- 
sage 178 as being formed as its own lumen in the 
wall of th tube 16 so that th re is no interference 
with the cooperative relationship of the other parts 

5 of the catheter. 

When desired catheter placement has been 
obtained (see Rg. 15), guidewire 174 may be with- 
drawn leaving the catheter alone in place (Rg. 16). 
The catheter tip is magnetically responsive so that 

ro it can either be held in place as the guidewire is 
withdrawn and/or used for further catheter place- 
ment by manipulation of magnet 148. By suitable 
design, the external magnet 148 may result in a 
larger holding force being applied to the mag- 

75 netically responsive catheter tip than to the 
guidewire, assuming the latter is magnetically re- 
sponsive, whereby the catheter will remain in situs 
as the guidewire is withdrawn despite some mag- 
netic force acting on the guidewire. 

20 Rgs. 11-16 have described different apparatus 
and procedures for placement However both cath- 
eters 162, 176 embody the same principles as 
catheter 12 whereby after placement the oxygen- 
ation and/or monitoring procedures described in 

25 connection with catheter 12 can be performed. 

The foregoing description has disclosed princi- 
ples of use of the invention, with reference to 
certain to certain embodiments and steps. Princi- 
ples may be practiced in embodiments and steps 

30 other than the apparatus and steps specifically 
shown and described. The catheters may be intro- 
duced either through the anus into the colon or 
nasally in the manner described and illustrated in 
Rgs. 7-10. Certain steps may be performed extra- 

35 operativety or intra-operatively, and one example of 
an intra-operative step would be the use of an 
external magnet against the outer aspect of the 
intestines to facilitate catheter placement during a 
surgical procedure. Rgs. 9 and 10 portray extra- 

40 operative placement The external magnet 148 can 
be a permanent magnetized piece of magnetic 
material, or it can be an electro-magnet which is 
selectively energizable. The illustrated configuration 
of the magnetic materia) on the catheter tip and the 

45 use of a single electro-magnet on the auxiliary 
placement device are also considered to be repre- 
sentative. It is possible to have multiple magnetic 
media on the catheter, for example at different 
locations, and to endow the auxiliary placement 

so apparatus with more than one electro-magnet 
While the distal end of the catheter is deemed to 
be the most appropriate location for the magnetic 
material, it will be appreciated that other placement 
locations may be used. Also th magnetically re- 

65 sponsive medium on the catheter could be a mag- 
net or an electro-magnet instead of merely a mag- 
netically responsive piece of materia). 
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Claims 

1. A catheter comprising a soft pliable tube (12) for 
introduction into the gastrointestinal tract a walled 
sampling chamber (26) on the tube comprising a 5 
wall (20) of material which is freely permeable to 

gas but poorly permeable to liquids, the sampling 
chamber being in communication with said tube so 
that fluid can be introduced into sad chamber via 
said tube, a magnetically responsive means on w 
said catheter providing for electromagnetic attrac- 
tion with an electromagnetic influence which is 
external to the catheter, and a separate lumen 
(178) through the catheter for guiding of the cath- 
eter (170) on a guidewire (174). is 

2. A catheter according to claim 1. wherein a 
removable guide wire (174) is threaded through 
said separate lumen (178). 
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